INTRODUCTION
============

The caudate lobe is located anterior to the inferior vena cava (IVC) and may envelop this structure circumferentially. It extends to the hilum of the liver just posterior to the bifurcation of the portal vein. Cephalad, the caudate lobe lies posterior to the confluence of the left and middle veins as they enter the IVC on the left ([Figure 1](#f1-cln64_11p1121){ref-type="fig"}).

The caudate lobe is generally divided into three regions: the left Spiegel lobe, the process portion, and the paracaval portion. The anatomy of the paracaval portion includes the liver parenchyma ventral to the hepatic IVC and the area between the Spiegel lobe and the right lobe adjacent to the middle hepatic vein ventrally.[@b1-cln64_11p1121] This portion was classified by Couinaud as segment IX (2).

Our aim in this study is to describe the standard technique for a caudate lobectomy procedure involving an anterior hepatic transection (AHT) via a review of the literature.

A literature search was conducted using Ovid MEDLINE for the terms "caudate lobectomy" and "AHT" covering 1992 to 2007.

Operative procedure for caudate lobe resection using an AHT
-----------------------------------------------------------

Resection of the caudate lobe involves three major steps:

1.  Controlling the inflow caudate blood supply from the left portal vein and the left hepatic artery at the base of the umbilical fissure, as well as controlling other inflow by lowering the hilar plate and dividing any vessels encountered;

2.  Dissection of the retrohepatic veins; and

3.  In the case of an isolated caudate resection, it is necessary to divide the liver parenchyma between the base of segment IV and the left side of segment VII to allow removal of the lobe.

When an AHT of the caudate lobe is used, an anatomic resection of segment I or/and segment IX (an isolated or complete resection of the caudate lobe) may be performed.

Some authors have split the liver anteriorly through the Glissonian plane, separating the right and left liver, and approaching the caudate lobe by dividing the liver along the right margin of segment IV. The combination of these techniques allows for the preservation of middle hepatic venous flow and good control of bleeding.

After cholecystectomy, the right lobe is mobilized from the retroperitoneum, and the IVC is mobilized by ligating and dissecting the short hepatic veins caudocranially. The right hepatic vein (RHV) is secured after division of the vena cava ligament.[@b2-cln64_11p1121]

On the left side, after dissecting and bending up the lateral segment and dividing the ligamentum venosum (Arantius' duct) at its junction with the left hepatic vein, the Spiegel lobe is separated from the IVC, and the trunk of the left and middle hepatic veins is taped. The liver is completely separated from the IVC except for the major hepatic veins.

Prior to liver transaction, the outer confines of the caudate process and the paracaval portion against the posterior segment are identified using a counterstaining technique.[@b3-cln64_11p1121],[@b4-cln64_11p1121] Under the Pringle maneuver (a hepatic inflow occlusion time of 15 minutes and a reperfusion time of 5 minutes), transaction is performed along the left side of the middle hepatic vein (MHV), opening the interlobar plane and exposing the anterior surface of the paracaval portion and the hilar plate.

The paracaval portion is detached from the hilar plate by ligating and dividing the ascending caudate portal branches. The transaction then proceeds in two directions: to the left side toward the sulcus of the ligamentum venosum (Arantius' ligament) and to the right side just behind the MHV.

On the left side, after dividing the ligamentum venosum and the Spiegel branches, the Spiegel lobe is liberated from the left lobe. On the right side, the hilar plate is exposed up to the bifurcation of the anterior and posterior portal pedicles. With the right lobe bent medially, liver transaction is conducted from the border of the posterior segment and the caudate process, exposing the dorsal surface of the RHV. When the liver parenchyma dorsal to the RHV is transected, resection is complete.

RESULTS
=======

This study analyzed the records of 110 patients who were submitted to caudate lobectomy involving an anterior transhepatic approach between 1990 and 2007, as shown in [Table 1](#t1-cln64_11p1121){ref-type="table"}. Isolated caudate lobectomy was performed on 28 (25.4%) patients, while complete caudate lobectomy was carried out on 82 (74.5%) patients. Of the patients treated, 106 (96.3%) had hepatocellular carcinomas, 3 (2.7%) had metastatic caudate tumors, and 1 (0.9%) had hemangioma. AHT was used in 108 (98.1%) caudate resections, while AHT associated with a right-sided approach was performed in 2 (1.8%) cases.

DISCUSSION
==========

In the past, resection of the caudate lobe has been performed infrequently, partly due to the difficult dissection required and partly due to the perception of frequent early tumor involvement in the IVC or the portal vein. The caudate lobe can be the origin of primary liver tumors or the sole site of metastases to the liver.[@b5-cln64_11p1121],[@b6-cln64_11p1121]

The paracaval portion of the caudate lobe is in front of the intrahepatic IVC just to the right of the Spiegel lobe and is closely associated with the right and middle hepatic veins. As a result of this unique anatomical location, caudate lobe resection is technically challenging, especially in cases of isolated caudectomy, because it is easy to damage the hilum or the bile duct in dissecting the caudate lobe's anterior. Additionally, an error in dissecting the posterior of the caudate lobe can cause uncontrolled bleeding from the inferior vena cava. The most difficult areas of the caudate lobe from which to remove tumors are the protruding portion and the portion near the inferior vena cava.

The key issues in performing a safe resection of the caudate lobe include meticulous dissection and maintaining control of the retrohepatic veins in the posterior area and exposing the branches joining the middle hepatic vein in the anterior area. The ultrasound dissector is a valuable tool to enable the precise transaction of the hepatic parenchyma and the denudation of venous branches.[@b7-cln64_11p1121]

The choice of procedure is essential to the success of a caudate lobectomy. There are different procedures for performing a caudate lobectomy, but only three are effective: the anterior procedure, in which the hepatic parenchyma is resected from the middle line and the right and left porta hepatitis are pulled aside to expose the caudate lobe,[@b8-cln64_11p1121] and right and left approaches to the caudate lobe.[@b6-cln64_11p1121]

This review has shown that, when using AHT most caudate lobectomies are complete caudate lobectomies (75%) due to hepatocellular carcinoma (96%). Additionally, the anterior hepatic approach is a safe strategic alternative for isolated caudate lobectomies,[@b9-cln64_11p1121],[@b10-cln64_11p1121] but only 25% of the cases reviewed were submitted to this procedure. The combination of AHT and a right-sided approach accounted for less than 2% of cases, which proves that, for tumors located in the paracaval portion of the caudate lobe (segment IX), the best approach is an anterior transection of the liver parenchyma.

Caudate lobectomy is sometimes associated with a left or right hepatectomy; for instance, right hepatic trisectionectomy with caudate lobectomy and resection of Couinaud's hepatic segments 1, 4, 5, 6, 7, and 8 is a surgical option usually indicated in advanced hilar cholangiocarcinoma, which mainly involves the right intrahepatic bile ducts in continuity with the left medial sectional bile duct. The relative volume resected in this hepatectomy averages 81% of the liver, which is an extensive liver resection.[@b11-cln64_11p1121]

Opening the hepatic parenchyma overlying the caudate lobe exposes the major hepatic veins and the hilar plate to direct view, facilitating control of venous bleeding and the interruption of the ascending paracaval portal branches along the hilar plate ([Figures 2](#f2-cln64_11p1121){ref-type="fig"} and [3](#f3-cln64_11p1121){ref-type="fig"}).

By separating the liver from the IVC, a safer transection can be carried out along the confines of the dorsal liver guided by the operator's left hand, which is placed behind the caudate lobe. There have been some reports of caudate lobe resections employing a combined right and left postero-lateral approach.[@b12-cln64_11p1121],[@b13-cln64_11p1121] In such procedures, liver transaction is performed caudocranially. As a result, it is important to divide the ascending paracaval portal branches that originate from the craniodorsal aspects of the hilar plate, as well as to maintain control of the bleeding from the hepatic venous branches, especially when the tumor is large or when it is difficult to bend the liver because of cirrhosis. Using this method, liberation of the liver, securing the major hepatic veins, and complicated liver transaction all require a considerable amount of time, which is a significant shortcoming of these procedures.[@b14-cln64_11p1121]

Possible congestion of the medial segment caused by interruption of the branches of the MHV along its left margin did not significantly impair the remaining hepatic function.

Anterior hepatic transection is a rarely required but safe and potentially curative surgical option for isolated resection of the caudate lobe, especially when cirrhosis is apparent. Additionally, in cases of metastatic liver carcinoma, it is possible to spare innocent hepatic parenchyma using this approach.

CONCLUSION
==========

Anterior hepatic transection is recommended for tumors located in the paracaval portion of the caudate lobe (segment IX). It is usually a safe and potentially curative surgical option.

The authors thank Mr. Marcos Retzer for contributing the illustrations to this paper.

![View of the caudate from the left. Note that the ligamentum venosum is usually called Arantius' ligament](cln64_11p1121f1){#f1-cln64_11p1121}

![Anterior approach after opening the interlobar plane and exposing the anterior surface of the paracaval portion and the hilar plate. The paracaval portion is detached from the hilar plate](cln64_11p1121f2){#f2-cln64_11p1121}

![Anterior approach to the liver for resection of the paracaval portion of the caudate lobe. Isolation of the portal pedicle (1, 2) and supra-hepatic inferior vena cava (3)](cln64_11p1121f3){#f3-cln64_11p1121}

###### 

Literature review of anterior hepatic transection for caudate lobectomy

  -----------------------------------------------------------------------------------------------------------------------------
  Reference                               Year   No.   Diagnosis                   Procedure                      Comments
  --------------------------------------- ------ ----- --------------------------- ------------------------------ -------------
  Yamamoto et al ([@b14-cln64_11p1121])   1992   1     Hepatoma                    ICL                            AHT

  Shimada et al ([@b15-cln64_11p1121])    1993   2     Cholangiocarcinoma          Anterior segmentectomy + CCL   AHT

  Sasada A et al ([@b16-cln64_11p1121])   1998   2     Hemangioma\                 CCL                            AHT and RSA
                                                       Metastatic liver tumor                                     

  Asahara et al ([@b17-cln64_11p1121])    1998   3     Hepatocellular carcinoma    ICL                            AHT

  Yamamoto et al ([@b18-cln64_11p1121])   1999   5     Hepatocellular carcinoma\   ICL                            AHT
                                                       Metastatic liver tumor                                     

  Peng et al ([@b19-cln64_11p1121])       2003   6     Hepatocellular carcinoma    CCL                            AHT

  Yamamoto et al ([@b20-cln64_11p1121])   2004   16    Hepatocellular carcinoma    5 ICL, 11 CCL + hepatectomy    AHT

  Hu et al ([@b9-cln64_11p1121])          2005   13    Hepatocellular carcinoma    ICL                            

  Liu et al ([@b21-cln64_11p1121])        2006   60    Hepatocellular carcinoma    CCL                            AHT

  Ishizawa et al ([@b10-cln64_11p1121])   2007   2     Hepatocellular carcinoma\   ICL                            AHT
                                                       Metastatic liver tumor                                     
  -----------------------------------------------------------------------------------------------------------------------------

RSA -- right-sided approach; AHT -- anterior hepatic transection; CCL -- complete caudate lobectomy; ICL -- isolated caudate lobectomy
